Analysis of mathematic models for quantifying mass of the left ventricle in dogs. SUMMARY We evaluated the ratio of the right ventricular preejection period to the right ventricular ejection time (RVPEP/RVET) as a predictor of pulmonary hypertension in 16 children with ventricular septal defects (VSD) (group 1). The children ranged in age from 5 months to 18 years. The RVPEP/RVET was measured at the time of cardiac catheterization by M-mode echocardiography from the pulmonary valve echogram and from a simultaneously displayed pulmonary arterial pressure signal obtained with a microtip, manometric catheter. The RVPEP/RVET measured by both methods was comparable (r = 0.91). The RVPEP/RVET was compared with the pulmonary artery diastolic pressure (PADP) (r = 0.54). The RVPEP/RVET ratio correlated less well with the pulmonary arterial mean pressure and pulmonary vascular resistance.
In a second group of 51 children with VSD, echocardiographic measurement of the right ventricular systolic time intervals was performed within 24 hours before cardiac catheterization. The same variables of pulmonary arterial pressure as for group 1 were compared with the RVPEP/RVET ratio, and the results were similar.
These data indicate that, although there is a relationship between the RVPEP/RVET and pulmonary hypertension, the ratio alone is not accurate enough to avoid cardiac catheterization in patients considered at risk for pulmonary vascular disease.
PERSISTENT ELEVATION of the pulmonary arterial pressure in children with ventricular septal defects may lead to irreversible pulmonary vascular disease.' Currently, the only reliable method for detecting alterations in the pulmonary arterial pressure in the course of the disease is through repeated cardiac catheterization. Recently, M-mode echocardiographic measurement of the ratio of the right ventricular preejection period (RVPEP) to the right ventricular ejection time (RVET) has been used to detect pulmonary hypertension. The RVPEP/ RVET ratio has been reported to predict pulmonary arterial hypertension in children with left-to-right shunts2-4 and in infants with pulmonary hypertension complicating noncardiac neonatal problems. [5] [6] [7] If the ratio of RVPEP/RVET accurately predicted pulmonary arterial hypertension in children with ventricular septal defects, the need for repeated cardiac catheterization to measure pulmonary arterial pressure would be eliminated. In our early experience, we were unsuccessful in using this ratio to predict accurately the pulmonary arterial pressure in our patients with ventricular septal defects. We were prompted, therefore, to reexamine the relationship of RVPEP/RVET to pulmonary arterial pressure and pulmonary vascular resistance in children with ventricular septal defects.
Methods
Group 1 consisted of 16 children undergoing cardiac catheterization for clinically suspected pulmonary hypertension associated with a ventricular septal defect. Before catheterization, we obtained informed consent from the parents of these children to measure the pulmonary arterial pressure with a Millar catheter-tip micromanometer while recording the pulmonary valve echogram simultaneously. The patients ranged in age from 5 months to 18 years. The ventricular septal defects in these patients occurred as an isolated lesion, in combination with a patent ductus arteriosus or an atrial septal defect, or as part of an atrioventricular canal defect. The patients were premedicated with diphenhydramine hydrochloride (1 mg/kg) and droperidol (0.03 mg/kg). We determined cardiac output by the Fick technique using measured oxygen consumption8 and measured oxygen contents. We measured pulmonary arterial pressure with the microtip, manometric catheter placed in the proximal pulmonary artery. The pulmonary vascular resistance was calculated from the difference between the pulmonary arterial mean pressure and left atrial mean pressure divided by the pulmonary blood flow per square meter of body surface area. The M-mode echograms of the pulmonary valve leaflets were recorded with a Smith-Kline 20A ultrasonoscope interfaced with a strip-chart recorder. The transducer frequency was appropriate for patient size. To study the relationship of the echocardiographic measurements of the systolic time intervals to the pulmonary artery pressure, we displayed the M-mode echocardiogram of the pulmonary valve leaflet simultaneously with the pulmonary arterial pressure tracing. The tracings of the microtip manometer were recorded on both the ultrasonic strip-chart recorder and the Electronics-for-Medicine DR6 recorder used in the cardiac catheterization laboratory. A standard lead II ECG was also displayed on the ultrasonic strip-chart recorder. The accuracy of the paper speed of the ultrasonic recorder was checked by measuring RR intervals of the ECG on both strip-chart recorders run at 100 mm/sec; the results were identical. The echocardiographic recordings were made at paper speeds of 100 mm/sec with time lines generated every 500 msec. We measured RVPEP from the onset of the QRS complex to the pulmonary valve leaflet opening. The pulmonary valve leaflet opening was measured at the point where the posterior velocity of the pulmonary valve leaflet increased markedly and the echo signal thinned.2 RVET was measured from the point of pulmonary valve leaflet opening, as described above, to the pulmonary valve leaflet closure.2 From the pulmonary arterial pressure tracing, the preejection period was measured from the onset of the QRS complex to the onset of rapid rise of the pulmonary arterial pressure, and the RVET was measured from the onset of the pulmonary pressure rise to the incisura of the pulmonary arterial trace ( fig. 1 ). The ratio of RVPEP/RVET wag measured from at least 10 complexes and then averaged. In this group of patients, there was one additional patient in whom the pulmonary valve echogram could not be recorded well enough to make the systolic time interval measurement. We used an IBM 370-series computer and SAS program to compare the RVPEP/RVET ratio with pulmonary arterial diastolic and mean pressure as well as with pulmonary vascular resistance. To determine whether there were any differences in the RVPEP/RVET ratio calculated by the micromanometric and echocardiographic techniques, the two techniques were compared by linear regression.
Because it is important to examine whether the RVPEP/RVET ratio predicts pulmonary arterial variables as accurately in the echocardiography laboratory as it does in the cardiac catheterization laboratory, we examined 51 patients who underwent cardiac catheterization 24 hours after a routine echocardiographic study (group 2). The ventricular septal defect in these patients occurred alone, in combination with an atrial septal defect or patent ductus arteriosus, or as part of a more complex problem such as endocardial cushion defect or tricuspid atresia. All of these patients had satisfactory echocardiographic and hemodynamic measurements to allow comparison of the same variables of pulmonary pressure and resistance as in group 1. The pressure recordings in group 2 were made using fluid-filled, rather than microtip, manometric catheters. With regard to the echocardiographic data, at least five complexes from each patient were available for comparison of the echocardiographic with the hemodynamic variables.
Results
The relevant clinical, hemodynamic and echocardiographic data are shown in table 1. There was no significant difference between the systolic time intervals measured by microtip manometer and echocardiography (r = 0.91, SEE ± 0.03, fig. 2 ). Because of the extremely close agreement between echocardiographic and manometrically derived RVPEP/ RVET ratio, the statistical comparisons with variables of pressure and pulmonary vascular resistance were made with the echocardiographic ratio alone. The RVPEP/RVET ratio was determined by averaging the measurement of 10 complexes. Maximum variability of the RVPEP/RVET ratio was 10% during these 10 complexes.
The Abbreviations: BSA -body surface area; Qp/Qs -pulmonary-to-systemic flow ratio; PA pulmonary artery; S = systolic; D = diastolic; M = mean; PVR = pulmonary vascular resistance; RVPEP/RVET = ratio of right ventricular preejection period; RVET = right ventricular ejection time; VSD = ventricular septal defect; PDA = patent ductus arteriosus; MR = mitral regurgitation; AV = atrioventricular. fig. 4 Hirschfeld and colleagues first used right ventricular systolic time intervals measured from the M-mode echocardiogram to estimate the pulmonary arterial pressure.2 Reports indicated that the RVPEP/RVET ratio was useful in predicting pulmonary hypertension in patients with left-to-right shunts2-4 and in infants with pulmonary hypertension from noncardiac causes. 5 7 In adults, studies in which micromanometric recordings of right ventricular and pulmonary arterial pressure were used supported these observations. Curtissl6 reported significant prolongation of the isovolumic contraction time and shortening of the right ventricular ejection time in adults with pulmonary hypertension. However, no linear relationship was found between isovolumic contraction time and pulmonary artery diastolic pressure. Using the data from this study, we calculated the correlation between the RVPEP/RVET ratio and pulmonary arterial mean pressure and pulmonary artery diastolic pressure. The results were similar to those reported in this paper. For pulmonary artery Spooner and colleagues4 reported a correlation between the pulmonary vascular resistance and the RVPEP/RVET ratio similar to that obtained by Hirschfeld. Considering that a stronger correlation was necessary, however, these authors showed that the ratio of the RVPEP/RVET to the similar ratio of left ventricular preejection period/ejection time (LVPEP/ LVET) was related to the logarithm of the pulmonaryto-systemic vascular resistance ratio. Unfortunately, because the systemic vascular resistance is variable, this ratio is less useful for predicting the degree of pulmonary hypertension.
Using the criteria reviewed above, we have not been able to predict the pulmonary arterial pressure in children with ventricular septal defects. Therefore, the current study was undertaken to reexamine the accuracy with which the RVPEP/RVET ratio predicts the pulmonary arterial pressure in patients with ventricular septal defects who are at risk for developing pulmonary vascular disease.
We do not know what effect digitalis and diuretic therapy might have on pulmonary systolic time intervals and pulmonary hypertension due to left-to-right shunts. It is possible that the right-sided hemodynamics and RVPEP/RVET ratio may be altered by left-sided events. It is also possible that a direct in-RVPEP/RVET Our data show similar trends to previous studies,2 4 but RVPEP/RVET ratios correlated more poorly with pulmonary arterial pressures. It is unfortunate that the pulmonary artery diastolic pressure appears to correlate best with the echocardiographic data, because it does not take into account pulmonary blood flow. A closer relationship with the pulmonary vascular resistance that took into account pulmonary blood flow would have been more desirable. For example, if the mean and diastolic pressures are elevated and the flow is elevated also, pulmonary vascular resistance may still be within an acceptable limit for surgical intervention. The 95% confidence limits of the data shown in figures 3, 4 and 5 show that the RVPEP/RVET ratio does not predict pulmonary artery diastolic pressure with sufficient accuracy to avoid cardiac catheterization.
Because of the wide variability in the predicted pulmonary artery pressure and pulmonary vascular resistance for a given RVPEP/RVET ratio, sequential comparisons of the RVPEP/RVET ratio in a given patient may not indicate progressive pulmonary hypertension. Kerber and colleagues'7 recently demonstrated that the RVPEP/RVET ratio varies with heart rate, cardiac output and the pharmacologic state of the patient. Therefore, sequential changes in the RVPEP/RVET ratio can be due to several factors other than changes in pulmonary artery pressure.
We conclude that the current echocardiographic techniques, although useful in providing some assessment of pulmonary hypertension in association with ventricular septal defects, are not accurate enough to predict pulmonary arterial pressure in the individual patient and do not eliminate the need for repeated cardiac catheterization. This is especially important because an inappropriate decision may have disastrous consequences for the patient.
